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(57) Abstract: The present invention relates to chemical
modification motifs for oligonucleotides. The oligonuc-
leotides of the present mvention, such as chemically modi-
fied antisense oligonucleotides, can have increased m vivo
efficacy. The chemically modified oligonucleotides provide
advantages 1n one or more of potency, efficiency of deliv-
ery, target specificity, toxicity, and/or stability. The chemic-
ally modified oligonucleotides have a specific chemical
modification motif or pattern of locked nucleic acids
(LNAs). The oligonucleotide (e.g. antisense oligonuc-
leotide) can target RNA, such as miRNA or mRNA. Also
provided herein are compositions comprising the chemically
modified oligonucleotides and methods of using the chemic-
ally moditfied oligonucleotides as therapeutics for various
disorders, including cardiovascular disorders.




CA 02876180 2014-12-08

wO 2013/192576 A3 |0} A0 0Y 00 AT O R

Published: —  with sequence listing part of description (Rule 5.2(a))

—  with international search report (Art. 21(3)) (88) Date of publication of the international search report:

—  before the expiration of the time limit for amending the 3 April 2014

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



OLIGONUCLEOTIDE-BASED INHIBITORS COMPRISING LOCKED NUCLEIC
ACID MOTIF

[0001]

[0002]

FIELD OF THE INVENTION
[0003] The present invention relates to chemical modification motifs for oligonucleotides, such
as antisense oligonucleotides, including mRNA and microRNA (miRNA or miR) inhibitors. The
oligonucleotides of the present invention, such as chemically modified antisense
oligonucleotides, for example, miRNA antisense oligonucleotides, can have advantages in

potency, efficiency of delivery, target specificity, stability, and/or toxicity when administered to

a subject.

BACKGROUND OF THE INVENTION
[0004] Delivery of oligonucleotides to the body, such as an antisense-based therapeutics, poses

several challenges. The binding affinity and specificity to a target, efficiency of cellular uptake,

and nuclease resistance are all factors in the delivery and activity of an oligonucleotide-based
therapeutic. For cxample, when oligonucleotides are introduced into intact cells they are
attacked and degraded by nucleases leading to a loss of activity. Thus, a useful oligonucleotide
should have good resistance to extra- and intracellular nucleases, as well as be able to penetrate
the cell membrane.

[0005] Polynucleotide analogues have been prepared in an attempt to avoid their degradation,
e.g. by means of 2' substitutions (Sproat et al., Nucleic Acids Research 17 (1989), 3373-3386).

However, such modifications often affect the polynucleotide’s potency for its intended biological
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action. Such reduced potency may be due to an inability of the modified polynucleotide to form
a stable duplex with the target RNA and/or a loss of interaction with the cellular machinery.
Other modifications include the use of locked nucleic acids, which has the potential to improve
RNA-binding affinity (Veedu and Wengel, RNA Biology 6:3, 321-323 (2009)), however, in vivo
efficacy can be low. An oligonucleotide used as an antisense therapeutic should have high
affinity for 1its target to efficiently impair the function of its target (such as inhibiting translation
of a mRNA target, or inhibiting the activity of a miRNA target). However, modification of
oligonucleotides can decrease its affinity and binding specificity, as well as its ability to impair
the function of its target.

[0006] Thus, despite the variety of methods described for the delivery of oligonucleotides as a
therapeutic, there 1s a need for improved chemical modifications for stable and efficacious

oligonucleotide-based inhibitors.

SUMMARY OF THE INVENTION

[0007] The present invention 18 based, 1n part, on the discovery that a specific chemical
modification pattern or motif of an oligonucleotide can increase the potency, efficiency of
declivery, target specificity, stability, and/or improve the toxicity profile when administered to a
subject. The present mventors have discovered specific oligonucleotide chemistry modification
patterns or motifs with the potential to improve the delivery, stability, potency, specificity,

and/or toxicity profile of the oligonucleotide. For example, oligonucleotide chemistry
modification patterns or motifs for miRNA inhibitors can improve the delivery, stability,
potency, specificity, and/or toxicity profile of the miRNA inhibitor, thus, effectively targeting
miRNA function in a therapeutic context.

[0008] The present invention provides oligonucleotides with a chemistry modification pattern or
motif capable of inhibiting the expression (e.g., abundance) of miRNA with improved properties,
such as increased in vivo efficacy. This chemistry modification pattern or motif can be applied
to other oligonucleotides for targeting other therapeutic targets, such as mRNA. Thus, the
present 1nvention provides a novel therapeutic for the treatment of a variety of diseases,
including cardiovascular diseases, obesity, diabetes, and other metabolic disorders.

[0009] The oligonuclcotide with the specific chemical modification pattern or motif can have an

increased in vivo efficacy as compared to an oligonucleotide with the same nucleotide sequence
2
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but different chemical modification pattern or motif. For example, an oligonucleotide with a
specific locked nucleic acid (LNA) pattern can have an increased in vivo efficacy as compared to
an oligonucleotide with the same nucleotide sequence but different LNA pattern.

[0010] In one embodiment, the oligonucleotide of the present invention comprises a sequence
complementary to the seed region of a miRNA, wherein the sequence comprises at least five
LNAs. The oligonucleotide can comprise at least five LNAs complementary to the seed region
of a miIRNA and at least one non-locked nucleotide. In some embodiments, the non-locked
nucleotide 1s 1 a region that 1s complementary to the seed region. The oligonucleotide can have
increased in vivo efficacy as compared to a second oligonucleotide comprising the same
sequence and LNA composition and different LNA motif. The oligonucleotide can comprise a
[LLNA atthe 5’ end, 3 end, or both 5 and 3’ ends. In some embodiments, the oligonucleotide

comprises three or fewer contiguous LNAs. For example, the oligonucleotide comprises no

In some embodiments, the oligonucleotide can be from § to 20 nuclcotides in length, from 18 to
50 nucleotides 1n length, from 10 to 18 nucleotides in length, or from 11 to 16 nucleotides 1n
length. The oligonucleotide in some embodiments 1s about &, about 9, about 10, about 11, about
12, about 13, about 14, about 15, about 16, about 17, or about 18 nucleotides in length.

[0011] In another embodiment, the oligonucleotide of the present invention comprises a
sequence of 16 nucleotides, wherein the sequence comprises at least five LNAs, a LNA at the 5°
end, a LNA at the 3 end, and no more than three contiguous LNAS. The oligonucleotide, from
the 5’end to the 3’ end, can comprise LNASs at positions 1, 5, 6, 8, 10, 11, 13, 15, and 16 of the
sequence.

[0012] The oligonucleotide described herein can comprise one or more non-locked nucleotides.
In some embodiments, at least one of the non-locked nucleotides 1s 2 deoxy, 2° O-alkyl or 2’
halo. In another embodiment, all of the non-locked nucleotides are 2° deoxy, 2° O-alkyl, 2’ halo,
or any combination thereof.

[0013] In some embodiments, the oligonucleotide described herein compriscs at least one LNA
with a 2° to 4’ methylene bridge. The oligonucleotide can have a 5° cap structure , 3° cap
structure, or 5’ and 3’ cap structure. In some embodiments, the oligonucleotide comprises one or

more phosphorothioate linkages or 1s fully phosphorothioate-linked. The oligonucleotide can



have one to three phosphate linkages. The oligonucleotide can further comprise a pendent
lipophilic or hydrophilic group.

[0014] In one embodiment, the oligonucleotide 1s an inhibitor of a RNA, such as an inhibitor of
its expression or activity. In one embodiment, the oligonucleotide is a miRNA inhibitor. For
example, the oligonucleotide can comprise a sequence that 1s substantially or completely
complementary to a nucleotide sequence of a miRNA or fragment thereof. The miRNA can be
expressed in any tissue, or selectively expressed in a tissue. In one embodiment, the tissue 1s
cardiac tissue. For example, the miRNA 1s selectively expressed in cardiac tissue.

[0015] The oligonucleotide can be an inhibitor of any miRNA. In some embodiments, the
oligonucleotide can be an inhibitor of any miRNA, but not miR-208a, miR-208b, or miR-499.
Such inhibitors are described in, for example, International Publication No. WO 2012/083005.
In one embodiment, the oligonucleotide is an inhibitor of a miR selected from Table 1 or Table
2. In yet another embodiment, the oligonucleotide is an inhibitor of miR-15a, miR-15b, miR-16-
1, miR-16-2, miR-24, miR-25, miR-26a, miR-497, miR-195, miR-424, a let 7 family member,
miR-21, miR-199a-b, miR-214, miR-10a-b, miR-16, miR-125b, miR-146a-b, miR-221, miR-
222, a miR-30 family member, miR-126, miR-133, miR-1, miR-143, miR-145, miR-486, miR-
92a, miR-320, miR-1-1, miR-1-2, miR-451, miR-378, miR-378*, miR-92, miR-34a, miR-34b,
miR-34¢, miR-29, or miR-33.

[0016] In yet another embodiment, the oligonucleotide can be an inhibitor of mRNA. For
example, the sequence can be substantially or completely complementary to a nucleotide
sequence of an mRNA or fragment thereof.

[0017] Also provided herein is a pharmaceutical composition comprising an effective amount of
the oligonucleotide described herein, or a pharmaceutically-acceptable salt thereof, and a
pharmaceutically-acceptable carrier or diluent. In some embodiments, the pharmaceutically-
acceptable carrier can comprise a colloidal dispersion system, macromolecular complex,
nanocapsule, nanoparticle, microsphere, bead, o1l-in-water emulsion, micelle, mixed micelle, or
liposome. In another embodiment, the pharmaceutically-acceptable carrier or diluent consists
essentially of saline.

[0018] The present invention also provides methods of producing and using an oligonucleotide

described herein. A method of reducing or inhibiting activity of a miRNA in a cell comprising

CA 2876180 2018-10-23
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contacting the cell with an oligonucleotide described herein 1s also provided. Also disclosed
herein 1s a method of reducing expression of an mRNA 1n a cell comprising contacting the cell
with an oligonucleotide disclosed herein. The cell can be any cell type, such as a heart cell. The
cell can be in vivo or ex vivo. In one embodiment, the cell 1s a mammalian cell.

[0019] A method of preventing or treating a condition in a subject associated with or mediated
by expression of an RNA is also provided. The method can comprise administering to the
subject a pharmaceutical composition comprising an oligonucleotide disclosed herein. In one
embodiment, a method of preventing or treating a condition in a subject associated with or
mediated by the activity of a miRNA comprises administering to the subject a pharmaceutical
composition comprising the oligonucleotide disclosed herein. In another embodiment, a method
of preventing or treating a condition in a subject associated with or mediated by the activity of a
mRNA comprises administering to the subject a pharmaceutical composition comprising the
oligonuclcotide disclosed herein. The condition can be a heart condition, such as pathologic
cardiac hypertrophy, myocardial infarction, myocardial 1schemia, 1schemia-reperfusion injury,
cardiomyopathy, or heart failure. The pharmaceutical composition can be administered by
parenteral administration, such as by intravenous, subcutaneous, intraperitoneal, or intramuscular
administration. In some embodiments, administration i1s by direct injection into cardiac tissue.
In yet in some embodiments, the composition 1s administered by oral, transdermal, sustained
rclease, controlled release, delayed release, suppository, catheter, or sublingual administration.
Furthermore, the subject can be a human. In some embodiments, an oligonucleotide disclosed
herein 18 delivered at a dose of between about 10 mg/kg to about 100 mg/kg, between about 10
mg/kg to about 50 mg/kg, between about 10 mg/kg to about 25 mg/kg. In some embodiments,
an oligonucleotide disclosed herein 1s delivered at a dose of about 100 mg/kg or less, about 50
mg/kg or less, about 25 mg/kg or less, or about 10 mg/kg or less. In one embodiment, the

oligonucleotide 1s formulated in saline and administered subcutancously.

BRIEF DESCRIPTION OF THE DRAWINGS
|0020] Figure 1. (A) Location of LNA and DNA bascs for 16 antimiRs designed to target miR -
208a (SEQ ID NOs: 76-91). LNA bases are represented by a capital letter. DNA bases are
represented by a lower case letter. (B) MiR-208a inhibition by antimiR-208a compounds. All

antimiR compounds showed significant inhibition in the left ventricle. #p<0.05 vs Saline.
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*p<0.05 vs. control oligo, M-10591. (C) Real-time PCR from cardiac tissue of antimiR-208&a-
treated rats showed differing target de-repression iz vivo using Dynltl as a primary readout for
cfficacy and target de-repression. #p<<0.05 vs Saline. *p<0.05 vs. control oligo, M-10591. (D)
Serum levels of toxicology parameters. Four days after injection, plasma was collected from all
cgroups. No antimiR-208a oligonucleotide or control oligonucleotide showed increased levels of
liver toxicity as assessed by ALT and AST measurements, or kidney toxicity as assessed by
BUN measurements compared to saline controls. (E) Quantification of antimiR from heart,
liver, and kidney four days after a single 25 mg/kg subcutaneous dose. Distribution to the heart
1s much lower than liver and kidney. Efficacious compounds are not more robustly distributed to
the heart.

[0021] Figure 2. (A) Location of LNA and DNA bases for 9 antimiRs designed to target miR-
208b (SEQ ID NOs: 92-100). LNA bases are represented by a capital letter. DNA bases are
rcpresented by a lower case Ictter. (B) MiR-208b 1inhibition by antimiR-208b compounds. All
antimiR compounds showed significant miR-208b 1inhibition 1n the left ventricle. (C) Real-time
PCR from cardiac tissue of antimiR-208b treated rats showed differing target de-repression iz
vivo using Dynltl as a primary readout for efficacy and target de-repression. *p<0.05 vs. Saline
[0022] Figure 3. Silencing. (A) Location of LNA and DNA bases for 7 antimiRs designed to
target miR-378 (SEQ ID NOs: 101-107). LNA bases are represented by a capital letter. DNA
bases are represented by a lower case letter. {B} MiR-378 inhibition by antimiR-378
compounds. All antimiR compounds showed significant miR-378 inhibition 1n the left ventricle.
(C) Real-time PCR from cardiac tissue of antimiR-378 treated rats showed differing target de-
repression in vivo using Gfpt2 as a primary readout for efficacy and target de-repression.
#p<0.05 vs. Saline

[0023] Figure 4. (A) Location of LNA and DNA bases for 7 antimiRs designed to target miR-
29 (SEQ ID NOs: 108-114). LNA bases are represented by a capital letter. DNA bases are
represented by a lower case letter. (B) MiR-29 family inhibition by antimiR-29 compounds 1n
heart (top pancl), liver (middle pancl), and kidney (bottom pancl). All antimiR compounds
showed significant miR-29 family inhibition 1n heart, liver, and kidney. (C) Recal-time PCR
from heart (top panel), liver (middle panel), and kidney (bottom panel) of antimiR-29 treated rats
showed differing target de-repression in vivo using Dnmt3b and Mcll as a primary readout for

cificacy and target de-repression. *p<0.05 vs. Saline; #p<0.05 vs. Control oligonucleotide M-
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10591. (D) Quantification of antimiR compounds from heart and liver four days after a single 25
mg/kg subcutanecous dose. Distribution to the heart 1s much lower than liver. More efficacious
compounds are not more robustly distributed to the heart compared to less efficacious
compounds.

[0024] Figure 5. (A) Location of LNA and DNA bases for 5 antimiRs designed to target miR-
199a (SEQ ID NOs: 115-119). LNA bases are represented by a capital letter. DNA bases are
represented by a lower case letter. (B) MiR-199a 1nhibition by antimiR-199 compounds 1n heart,
lung, liver (L1), and kidney (K). All antimiR compounds showed significant miR-199a inhibition
in heart, lung, liver, and kidney. (C) Real-time PCR from heart, lung, liver (L1), and kidney (K)
of antimiR-199-treated rats showed differing target de-repression in vivo using Ddrl as a
primary readout for efficacy and target de-repression. M-10518 consistently appeared to show
target de-repression across multiple tissues. *p<0.05 vs. Saline.

[0025] Figure 6. Rcal-time PCR from endothelial cells 1solated from heart tissue of antimiR-
92a-trcated rats showed differing target de-repression in vivo using Map2K4 as a primary rcadout

for efficacy and target de-repression. *p<0.05 vs. Saline.

DETAILED DESCRIPTION OF THE INVENTION
[0026] The present invention 1s based, 1n part, on the discovery that a specific chemical
modification pattern or motif of an oligonucleotide can improve the potency, efficiency of
delivery, target specificity, stability, and/or toxicity when administered to a subject. The
oligonucleotide with the specific chemical modification pattern or motif can have an increased i»
vivo efficacy as compared to an oligonucleotide with the same nucleotide sequence but different
chemical modification pattern or motif. For example, an oligonucleotide with a specific
LNA/DNA pattern can have an increased in vivo efficacy as compared to an oligonucleotide with
the same nucleotide sequence but different LNA/DNA pattern.
[0027] The invention provides in some embodiments, oligonucleotides capable of inhibiting, in a
specific fashion, the expression or abundance of an RNA species, such as a miRNA or mRNA.
The 1invention further provides pharmaceutical compositions comprising the oligonucleotides,
and methods of treating patients having conditions or disorders relating to or mnvolving the RNA,

such as miRNA or mRNA, such as a various cardiovascular conditions. In various
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embodiments, the oligonucleotides provide advantages 1n one or more of potency, efficiency of
delivery, target specificity, toxicity, and/or stability.

[0028] In one aspect, the present invention provides an oligonucleotide capable of reducing the
expression or abundance of an RNA, such as a mRNA or miRNA. The oligonucleotide of the
present mvention may have increased in vivo efficacy as compared to another oligonucleotide
with the same nucleotide sequence but different chemical modification motif or pattern. For
example, a first and a second oligonucleotide each have the same nucleotide sequence that
targets a miIRNA. The first oligonucleotide has a chemical modification motif or pattern that
differs from the second oligonucleotide. Both the first and second oligonucleotides are capable
of reducing the expression or abundance of a miRNA. However, the first oligonucleotide with a
first chemical modification motif has a higher in vivo efficacy as compared to the second
oligonucleotide with a different chemical modification motif, as measured by the amount of de-
repression of one or more of the miRNA’s targets.

[0029] The activity of the oligonucleotide 1n reducing the expression or abundance of an RNA
species, such as miRNA, may be determined in vitro and/or in vivo. For example, when
inhibition of a mRINA activity 1s determined in vitro, the activity may be determined using a
dual luciferase assay, such as that described herein. The oligonucleotide significantly inhibits
such activity, as determined 1n the dual luciferase activity, at a concentration of about 50 nM or
less, or 1n other embodiments, 40 nM or less, 20 nM or less, or 10 nM or less. For example, the
oligonucleotide may have an IC50 for inhibition of a miRNA activity of about 50 nM or less,
about 40 nM or less, about 30 nM or less, or about 20 nM or less, as determined 1n the dual
luciferase assay. The dual luciferase assay, as exemplified by the commercially available
product PsiCHECK™ (Promega), involves placement of the miR recognition site in the 3° UTR
of a gene for a detectable protein (e.g., renilla luciferase). The construct i1s co-expressed with the
target mIRNA, such that inhibitor activity can be determined by change 1n signal. A second gene
encoding a detectable protein (e.g., firefly luciferase) can be included on the same plasmid, and
the ratio of signals determined as an indication of antimiR activity.

[0030] Alternatively, or 1n addition, the activity of the oligonucleotide 1n reducing the expression
or abundance of an RNA species, such as miRNA, may be determined in a suitable mouse or rat
model, such as those described herein, where inhibition (e.g., by at least 50%) of a miRNA 1s

observed at an oligonucleotide dose, such as a dose of about 50 mg/kg or less, about 25 mg/kg or

3



less, about 10 mg/kg or less or about 5 mg/kg or less. In some embodiments, the activity of the
oligonucleotide 1s determined in an animal model, such as described in WO 2008/016924. For
example, the oligonucleotide may exhibit at least 50% target miRNA inhibition, such as a dose
of about 50 mg/kg or less, about 25 mg/kg or lcss, such as about 10 mg/kg or less or about 5
mg/kg or less. In such embodiments, the oligonucleotide may be dosed intravenously or
subcutaneously to mice, and the oligonucleotide may be formulated in saline.

[0031] The in vivo efficacy of the oligonucleotide may be determined by assessing the level or
amount of de-repression of one or more of the miRNA'’s targets in a suitable mouse or rat model,
such as those described herein. The oligonucleotide may exhibit at least 50% target de-
repression at a dose of about 50 mg/kg or less, about 25 mg/kg or less, about 10 mg/kg or less or
about 5 mg/kg or less. In such embodiments, the oligonucleotide may be dosed intravenously or
subcutaneously to mice, and the oligonucleotide may be formulated in saline.

[0032] In these or other embodiments, the oligonucleotides of the present invention can be stable
after administration, being detectable in the circulation and/or target organ for at least three
weeks, at least four weeks, at least five weeks, or at least six weeks, or more, following
administration. Thus, the oligonucleotides of the present invention may provide for less frequent
administration, lower doses, and/or longer duration of therapeutic effect.

[0033] The nucleotide sequence of the oligonucleotide can be substantially complementary to a
nucleotide sequence of a RNA, such as a mRNA or miRNA. In some embodiments, the miRNA
1s not miR-208a, miR-208b, or miR-499. The oligonucleotide comprises at least one LNA, such
as at least five, at least seven or at least nine LNAs. In some embodiments, the oligonucleotide
comprises a mix of LNA and non-locked nucleotides. For example, the oligonucleotide may
contain at least five or at least seven or at least nine locked nucleotides, and at least one non-
locked nucleotide.

[0034] Generally, the length of the oligonucleotide and number and position of locked
nucleotides 1s such that the oligonucleotide reduces RNA expression or abundance, such as
mRNA expression or miRNA expression, at an oligonucleotide concentration of about 50 nM or
less 1n the in vitro luciferase assay, or at a dose of about 50 mg/kg or less, or about 25 mg/kg or
less 1n a suitable mouse or rat model, each as described herein. In some embodiments, the

oligonucleotide 1s a miRNA inhibitor, such that the length of the oligonucleotide and number and
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position of locked nucleotides 1s such that the oligonucleotide reduces miRNA activity as
determined by target de-repression, at a dose of about 50 mg/kg or less, or about 25 mg/kg or
less in a suitable mouse or rat model, such as those described herein.

[0035] The oligonucleotide of the present invention can comprise a sequence of nucleotides in
which the sequence comprises at least five LNAs, a LNA at the 5’ end of the sequence, a LNA at
the 3’ end of the sequence, or any combination thereof. In one embodiment, the oligonucleotide
comprises a sequence of nucleotides in which the sequence comprises at least five LNAs, a LNA
at the 5° end of the sequence, a LNA at the 3” end of the sequence, or any combination thereof,
wherein three or fewer of the nucleotides are contiguous LNAs. For example, the
oligonucleotide comprises no more than three contiguous LNAs. For example, the
oligonucleotide may comprise a sequence with at least five LNAs, a LNA at the 5’ end, a LNA at
the 3’ end, and no more than three contiguous LNAs. The oligonucleotide may comprise a
sequence with at least five LNAs, a LNA at the 5’ end, a LNA at the 3’ end, and no more than
three contiguous LNAs, wherein the sequence 1s at least 16 nucleotides in length. The sequence
can be substantially or completely complementary to a RNA, such as mRNA or miRNA, wherein
a substantially complementary sequence may have from 1 to 4 mismatches (e.g., 1 or 2
mismatches) with respect to its target scquence. In one embodiment, the target sequence 1s a
miRNA, such that the oligonucleotide 1s a miRNA inhibitor, or antimiR. The miRNA can be
any miRNA, such as, but not limited to, those listed in Table 1 or Table 2. Exemplary miRNA
therapeutic utilities are disclosed in the US and PCT patent references listed in Table 2 below.
The mature and pre-processed forms of miRNAs are disclosed in the patent references listed 1n

Table 2.

Table 1
miRNA miRNA Sequence SEQ ID NO:

| UGGAAUGUAAAGAAGUAUGUAU 1

100 AACCCGUAGAUCCGAACUUGUG 2

10a UACCCUGUAGAUCCGAAUUUGUG 3

10b UACCCUGUAGAACCGAAUUUGUG 4

125b UCCCUGAGACCCUAACUUGUGA 5

126 UCGUACCGUGAGUAAUAAUGCG 6

10
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miRNA miRNA Sequence SEQ 1D NO:
128 UCACAGUGAACCGGUCUCUUU 7
133a UUUGGUCCCCUUCAACCAGCUG 3
133b UUUGGUCCCCUUCAACCAGCUA 9
139 UCUACAGUGCACGUGUCUCCAG 10
143 UGAGAUGAAGCACUGUAGCUC 11
145 GUCCAGUUUUCCCAGGAAUCCCU 12
146a UGAGAACUGAAUUCCAUGGGUU 13
146b UGAGAACUGAAUUCCAUAGGCU 14
150 UCUCCCAACCCUUGUACCAGUG 15
15a UAGCAGCACAUAAUGGUUUGUG 16
15b UAGCAGCACAUCAUGGUUUACA 17
16 UAGCAGCACGUAAAUAUUGGCG 18
181b AACAUUCAUUGCUGUCGGUGGGU 19
195 UAGCAGCACAGAAAUAUUGGC 20
197 UUCACCACCUUCUCCACCCAGC 21
199a CCCAGUGUUCAGACUACCUGUUC 22
199b-5p CCCAGUGUUUAGACUAUCUGUUC 23
199b-3p ACAGUAGUCUGCACAUUGGUUA 24
208a AUAAGACGAGCAAAAAGCUUGU 25
208b AUAAGACGAACAAAAGGUUUGU 26
20a UAAAGUGCUUAUAGUGCAGGUAG 27
21 UAGCUUAUCAGACUGAUGUUGA 28
214 ACAGCAGGCACAGACAGGCAGU 29
22 AAGCUGCCAGUUGAAGAACUGU 30
221 AGCUACAUUGUCUGCUGGGUUUC 31
222 AGCUACAUCUGGCUACUGGGU 32
224 CAAGUCACUAGUGGUUCCGUU 33
23a AUCACAUUGCCAGGGAUUUCC 34
24 UGGCUCAGUUCAGCAGGAACAG 35
25 CAUUGCACUUGUCUCGGUCUGA 36
26a UUCAAGUAAUCCAGGAUAGGCU 37
26b UUCAAGUAAUUCAGGAUAGGU 38
28 AAGGAGCUCACAGUCUAUUGAG 39
29a UAGCACCAUCUGAAAUCGGUUA 4()
29b UAGCACCAUUUGAAAUCAGUGUU 41
29¢ UAGCACCAUUUGAAAUCGGUUA 42
30a UGUAAACAUCCUCGACUGGAAG 43
30b UGUAAACAUCCUACACUCAGCU 44
30c UGUAAACAUCCUACACUCUCAGC 45
30d UGUAAACAUCCCCGACUGGAAG 46
30c UGUAAACAUCCUUGACUGGAAG 47
33a GUGCAUUGUAGUUGCAUUGCA 48
33b GUGCAUUGCUGUUGCAUUGC 49

11
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miRNA miRNA Sequence SEQ 1D NO:
34a UGGCAGUGUCUUAGCUGGUUGU 50
34b CAAUCACUAACUCCACUGCCAU 51
34c AGGCAGUGUAGUUAGCUGAUUGC 52
320 AAAAGCUGGGUUGAGAGGGCGA 53
342-3p UCUCACACAGAAAUCGCACCCGU 54
382 GAAGUUGUUCGUGGUGGAUUCG 55
422a ACUGGACUUAGGGUCAGAAGGC 56
378 ACUGGACUUGGAGUCAGAAGG 57
378* CUCCUGACUCCAGGUCCUGUGU 58
424 CAGCAGCAAUUCAUGUUUUGAA 59
451 AAACCGUUACCAUUACUGAGUU 60
483-3p UCACUCCUCUCCUCCCGUCUU 61
484 UCAGGCUCAGUCCCCUCCCGAU 62
486-5p UCCUGUACUGAGCUGCCCCGAG 63
497 CAGCAGCACACUGUGGUUUGU 64
499 UUAAGACUUGCAGUGAUGUUU 65
542-5p UCGGGGAUCAUCAUGUCACGAGA 66
02a UAUUGCACUUGUCCCGGCCUGU 67
92b UAUUGCACUCGUCCCGGCCUCC 63
let-7a UGAGGUAGUAGGUUGUAUAGUU 69
let-7b UGAGGUAGUAGGUUGUGUGGUU 70
let-7¢ UGAGGUAGUAGGUUGUAUGGUU 71
let-7d AGAGGUAGUAGGUUGCAUAGUU 72
let-7e UGAGGUAGGAGGUUGUAUAGUU 73
let-7f UGAGGUAGUAGAUUGUAUAGUU 74
let-7g UGAGGUAGUAGUUUGUACAGUU 75
Table 2
miRNA Indications Reference
miR-208a/miR-208b/miR- | Pathologic cardiac hypertrophy, WO 2008/016924 (208a)

499

myocardial infarction, heart failure

WO 2009/018492 (208b/499)

miR-208a/miR-208b

Metabolic Disorders (obesity,

PCT/US2012/059349, filed October 9,

hyperlipidemia, diabetes, metabolic 2012
syndrome, hypercholesterolemia; hepatic
steatosis)
miR-15/miR-16/miR-195 | Pathologic cardiac hypertrophy, WO 2009/062169
myocardial mnfarction, heart failure
miR-29 Profibrotic agents to convert soft plaques | WO 2009/018493

(vulnerable plaques) to tibrotic tissue;

12
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miRNA Indications Reference

induce collagen deposition
miR-126 Pathologic vascularization WO 2010/019574
miR-145 | Muscle injury WO 2007/070483
miR-1/miR-133 Muscle injury (antagonist/agonist of each | WO 2007/070483

miRNA applied in combination at

different times)
miR-451 Polycythemia WO 2012/148373
miR-378/miR-378* Metabolic disorders (obesity, WO 2011/153542

hyperlipidemia, diabetes, metabolic

syndrome, hypercholesterolemia; hepatic

steatosis);

Pathologic cardiac hypertrophy,

myocardial infarction, heart failure
miR-92 Promotes angiogenests and vessel repair | US 2010/0324118 Al
miR-34a Myocardial infarction US 2012/0238619 Al
miR-145 Pulmonary arterial hypertension WO 2012/153135
miR-33 Statin-induced hepatotoxicity, US 20110281933 Al

cholestasis, increasing HDL cholesterol

[0036] In some embodiments, the oligonucleotide comprises a sequence that is substantially or
completely complementary to a miRNA that 1s selected from the group consisting of, but not
limited to; miR-15a, miR-15b, miR-16-1, miR-16-2, miR-24, miR-25, miR-26a, miR-497, miR-
195, miR-424, a let 7 family member, miR-21, miR-199a-b, miR-214, miR-10a-b, miR-16, miR-
125b, miR-146a-b, miR-221, miR-222, a miR-30 family member, miR-126, miR-133, miR-1,
miR-143, miR-145, miR-486, miR-92a, miR-320, miR-1-1, miR-1-2, miR-451, miR-378, miR-
378* miR-92, miR-34a, miR-34b, miR-34¢c, miR-29, or miR-33. In some embodiments, the
miRNA is not miR208a, miR208b, or miR-499, such as described in International Publication

No. WO 2012/083005. In some embodiments, the miRNA 1s expressed in a specific tissue, such

as kidney, liver, or cardiac

13
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tissue. In yet another embodiment, the miRNA is selectively expressed in a tissue, such as
kidney, liver, or cardiac tissue.

[0037] In yet another embodiment, the oligonucleotide of the present invention can comprise a
sequence complementary to the seed region of a miRNA, wherein the sequence comprises at
least five LNAs. The “seed region of a miRNA™ 1s the portion spanning bases 2 to 9 at the 5°
end of the miIRNA. The miRNA can be any miRNA, such as, but not limited to those listed in
Table 1 or Table 2. The miRNA can be, but 1s not limited to: miR-15a, miR-15b, miR-16-1,
miR-16-2, miR-24, miR-25, miR-26a, miR-497, miR-195, miR-424, a let 7 family member,
miR-21, miR-199a-b, miR-214, miR-10a-b, miR-16, miR-125b, miR-146a-b, miR-221, miR-
222, a miR-30 family member, miR-126, miR-133, miR-1, miR-143, miR-145, miR-486, miR-
92a, miR-320, miR-1-1, miR-1-2, miR-451, miR-378, miR-378*, miR-92, miR-34a, miR-34b,
miR-34c¢, miR-29, or miR-33. In some embodiments, the miRNA is not miR208a, miR208b, or
miR-499. The sequence can be substantially or completely complementary to the miRNA. In
some embodiments, the miIRNA 1s expressed 1n a specific tissue, such as kidney, liver, or cardiac
tissue. In yet another embodiment, the miRNA is selectively expressed in a tissue, such as
kidney, liver, or cardiac tissue. In some embodiments, the miRNA 1is selectively expressed in a
particular cell type, including, but not limited to, cardiomyocytes, myocytes, fibroblasts, smooth
muscle cells, endothelial cells, and monocytes.

[0038] The oligonucleotide comprising a sequence complementary to the seed region of a
miRNA, wherein the sequence comprises at least five LNAs, may comprise a LNA at the 5’ end
or a LNA at the 3’ end, or both a LNA at the 5” end and 3’ end. In one embodiment, the
oligonucleotide comprising at least 5 LNAs, a LNA at the 5’ end and/or a LNA at the 3’ end,
also has three or fewer consecutive LNAs. In some embodiments, the sequence 1s at least 16

nucleotides in length. The sequence complementary to the seed region of a miRNA can be

substantially complementary or completely complementary.

[0039] The oligonucleotide of the present invention contains one or more locked nucleic acid
(LNAS) residues, or “locked nucleotides.” LNAs are described, for example, in U.S. Patent Nos.
6,268.490; 6,316,198; 6.403,566; 6,770,748; 6,998,484; 6,670.,461; and 7,034,133. LNAsS are
modified nucleotides or ribonucleotides that contain an extra bridge between the 2' and 4

carbons of the rbose sugar moiety resulting in a "locked" conformation, and/or bicyclic

structure. In one embodiment, the

14
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oligonucleotide contains one or more LNAs having the structure shown by structure A below.
Alternatively or in addition, the oligonucleotide may contain one or more LNAs having the
structure shown by structure B below. Alternatively or 1n addition, the oligonucleotide contains

one or more LNAs having the structure shown by structure C below.

[0040] Other suitable locked nucleotides that can be incorporated in the oligonucleotides of the
present invention include those described in U.S. Patent Nos. 6,403,566 and 6,833,361.

[0041] In exemplary embodiments, the locked nucleotides have a 2’ to 4’ methylene bridge, as
shown in structure A, for example. In other embodiments, the bridge comprises a methylene or

ethylene group, which may be substituted, and which may or may not have an ether linkage at

the 2’ position.

[0042] The oligonucleotide may comprise, consist essentially of, or consist of, an antisense
sequence to a mRNA or miRNA. In one embodiment, the oligonucleotide comprises an
antisense sequence directed to a miRNA. For example, the oligonucleotide comprises an
antisense sequence that is sufficiently complementary to a miRNA sequence to hybridize to the

endogenous miRNA under physiological conditions. In such embodiments, the oligonucleotide

can comprise a sequence that is at least partially complementary to a mature miRNA sequence,

15
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e.g. at least about 75%, about §0%, about 85%. about 90%, about 95%, about 96%, about 97%,
about 98%, or about 99% complementary to a mature miRNA sequence, such as, but not limited
to, a miRNA 1n Table 1, Table 2, or any one of the following miRNASs: miR-15a, miR-15b, miR-
16-1, miR-16-2, miR-24, miR-25, miR-26a, miR-497, miR-195, miR-424, a let 7 family
member, miR-21, miR-199a-b, miR-214, miR-10a-b, miR-16, miR-125b, miR-146a-b, miR-221,
miR-222, a miR-30 family member, miR-126, miR-133, miR-1, miR-143, miR-145, miR-486,
miR-92a, miR-320, miR-1-1, miR-1-2, miR-451, miR-378, miR-378%*, miR-92, miR-34a, miR-
34b, miR-34¢, miR-29, or miR-33. In some embodiments, the miRNA 1s not miR208a,
miR208b, or miR-499. In one embodiment, the antisense oligonucleotide comprises a sequence
that 1s 100% complementary to a mature miRNA sequence, such as, but not limited to, a miRNA
selected from the group consisting of miR-15a, miR-15b, miR-16-1, miR-16-2, miR-24, miR-25,
miR-26a, miR-497, miR-195, miR-424, a let 7 family member, miR-21, miR-199a-b, miR-214,
miR-10a-b, miR-16, miR-125b, miR-146a-b, miR-221, miR-222, a miR-30 family member,
miR-126, miR-133, miR-1, miR-143, miR-145, miR-486, miR-92a, miR-320, miR-1-1, miR-1-2,
miR-451, miR-378, miR-378* miR-92, miR-34a, miR-34b, miR-34¢, miR-29, or miR-33. In
some embodiments, the miRNA 1s not miR208a, miR20&b, or miR-499. In some embodiments,
the miRNA 1s not miR-208a, miR-208b, or miR-499.

[0043] The oligonucleotide generally has a nucleotide sequence designed to target mature
miRNA. The oligonucleotide may, in these or other embodiments, also or alternatively be
designed to target the pre- or pri-miRNA forms. In certain embodiments, the oligonucleotide
may be designed to have a sequence containing from 1 to 5 (e.g., 1, 2, 3, or 4) mismatches
relative to the fully complementary (mature) miRNA sequence. In some embodiments, the
miRNA 1s not miR-208a, miR-208b, or miR-499. In certain embodiments, such antisense
sequences may be incorporated into shRNAs or other RNA structures containing stem and loop
portions, for example.

[0044] In certain embodiments, the oligonucleotide comprises a nucleotide sequence that 1s
completely complementary (1.¢. fully complementary) to a nuclcotide sequence of a miRNA. In
somc cmbodiments, the miRNA 1s not miR-208a, miR-208b, or miR-499. In particular
embodiments, the oligonucleotide comprises, consists essentially of, or consists of a sequence
completely complementary to the nucleotide sequence of a miRNA. In this context, “consists

essentially of” includes the optional addition of nucleotides (¢.g., one or two) on either or both of
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the 5” and 3’ ends, so long as the additional nucleotide(s) do not substantially affect (as defined
by an increase in IC50 of no more than 20%) the oligonucleotide’s inhibition of the target
miRNA activity in the dual luciferase assay or mouse model.

[0045] The oligonucleotide can be from about 8§ to about 20 nucleotides 1n length, from about 18
to about 50 nucleotides in length, from about 10 to about 18 nucleotides in length, or from about
11 to about 16 nucleotides in length. The oligonucleotide in some embodiments 1s about 8, about
9. about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, or about 18
nucleotides 1n length. In some embodiments, the oligonucleotide 1s at least 16 nucleotides 1n
length.

[0046] The oligonucleotide generally contains at least about 5, at least about 7, or at least about
9 LNAs, but 1n various embodiments 1s not fully comprised of LNAs. Generally, the number
and position of LNASs 1s such that the oligonucleotide reduces mRNA or miRNA activity. In one
cmbodiment, the number and position of LNAs 1s such that the oligonucleotide has increased i
vivo cificacy as comparcd to an oligonuclcotide with a different number and/or position of
[L.NAs. In certain embodiments, the oligonucleotide does not contain a stretch of nucleotides
with more than four, or more than three, contiguous LNAs. For example, the oligonucleotide
comprises no more than three contiguous LNAs. In these or other embodiments, the
oligonucleotide can comprise a region or sequence that 1s substantially or completely
complementary to a miRNA seed region, in which the region or sequence comprises at least
three, at least four, or at least five locked nucleotides. In some embodiments, the miRNA 1s not
miR-208a, miR-208b, or miR-499.

[0047] In various embodiments, the oligonucleotide contains at least nine locked nucleotides.
For example, the oligonucleotide may contain nine locked nucleotides and seven non-locked
nucleotides. The pattern of LNAs may be such that, from the 5’ end to the 3’ end of the
oligonucleotide, at least positions 1, 6, 10, 13, and 15 are LNAs. In some embodiments, the
pattern of LNAs may be such that, from the 5° end to the 3° end of the oligonucleotide, at least
positions 1, 6, 10, 11, 13, and 16 arec LNAS. In certain embodiments, from the 5° end to the 3’
cnd of the oligonucleotide, positions 1, 5, 6, &, 10, 11, 13, 15, and 16 arc LNAS, and the
remaining positions are non-locked nucleotides. In some embodiments, from the 5” end to the 3°
end of the oligonucleotide, positions 1, 4, 5, 7, 9, 10, 12, 14, and 16 are LNAS, and remaining

positions are non-locked nucleotides. For example, in one embodiment, an oligonucleotide can
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comprise at least 16 nucleotides, in which from the 5° end to the 3° end of the oligonucleotide,
positions 1, 5, 6, 8, 10, 11, 13, 15, and 16 are LNAS, and the remaining positions are non-locked
nucleotides, wherein the oligonucleotide 1s a miRNA inhibitor.

[0048] For example, the oligonucleotide can comprise at least 16 nucleotides, in which from the
5’ end to the 3° end of the oligonucleotide, positions 1, 5, 6, 8, 10, 11, 13, 15, and 16 are LNAS,
and the remaining positions are non-locked nucleotides, the oligonucleotide 1s at least partially
complementary to a miRNA, in which the miRNA may in some embodiments, not be miR-208a,
miR-208b, or miR-499. In another embodiment, the oligonucleotide can comprise at least 16
nucleotides, in which from the 5’ end to the 3° end of the oligonucleotide, positions 1, 5, 6, 8, 10,
11, 13, 14, and 16 are LNASs, and the remaining positions are non-locked nucleotides, the
oligonucleotide 1s at least partially complementary to a miRNA, in which the miRNA may in
some¢ embodiments, not be miR-208a, miR-208b, or miR-499. In yet another example, the
oligonuclcotide can comprise at least 16 nucleotides, in which from the 5° end to the 3° end of
the oligonuclecotide, positions 1, 5, 6, &, 10, 11, 13, 15, and 16 arc LNAS, and the remaining
positions are non-locked nucleotides, the oligonucleotide 1s at least partially complementary to a
seed region of a miRNA, in which the miRNA may in some embodiments, not be miR-208a,
miR-208b, or miR-499. In some embodiments, the oligonucleotide 1s selected from Tables 3, 5,
6, 7, 8, or 9. In certain embodiments, the oligonucleotide 1s a compound selected from M-10101,
M-10707, M-11192, M-11185, M-10518, or M-11127.

[0049] For non-locked nucleotides, the nucleotide may contain a 2° modification with respect to
a 2’ hydroxyl. For example, the 2° modification may be 2° deoxy. Incorporation of 2'-modified
nucleotides 1n antisense oligonucleotides may increase both resistance of the oligonucleotides to
nucleases and their thermal stability with complementary RNA. Various modifications at the 2’
positions may be independently selected from those that provide increased nuclease sensitivity,
without compromising molecular interactions with the RNA target or cellular machinery. Such
modifications may be sclected on the basis of their increased potency in vitro or in vivo.
Exemplary mcthods for determining incrcascd potency (c.g., 1C50) for miRNA 1nhibition arc
described herein, including the dual luciferase assay and iz vivo miRNA expression or target de-
repression.,

[0050] In some embodiments the 2° modification may be independently selected from O-alkyl
(which may be substituted), halo, and deoxy (H). Substantially all, or all, nucleotide 2’ positions
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of the non-locked nucleotides may be modified in certain embodiments, ¢.g., as independently
selected from O-alkyl (e.g., O-methyl), halo (e.g., fluoro), deoxy (H), and amino. For example,
the 2’ modifications may cach be independently selected from O-methyl and fluoro. In
exemplary embodiments, purine nucleotides each have a 2° OMe and pyrimidine nucleotides
cach have a 2’-F. In certain embodiments, from one¢ to about five 2’ positions, or from about one
to about three 2’ positions are left unmodified (e.g., as 2° hydroxyls).

[0051] 2° modifications 1n accordance with the 1nvention also include small hydrocarbon
substituents. The hydrocarbon substituents include alkyl, alkenyl, alkynyl, and alkoxyalkyl,
where the alkyl (including the alkyl portion of alkoxy), alkenyl and alkynyl may be substituted or
unsubstituted. The alkyl, alkenyl, and alkynyl may be C1 to C10 alkyl, alkenyl or alkynyl, such
as C1, C2, or C3. The hydrocarbon substituents may include one or two or three non-carbon
atoms, which may be independently selected from N, O, and/or S. The 2° modifications may
further include the alkyl, alkenyl, and alkynyl as O-alkyl, O-alkenyl, and O-alkynyl.

[0052] Exemplary 2° modifications in accordance with the invention include 2’-O-alkyl (C1-3
alkyl, such as 2’0OMe or 2’OEt), 2'-O-methoxyethyl (2'-O-MOE), 2'-O-aminopropyl (2'-O-AP),
2'-O-dimethylaminoethyl (2'-O-DMAOE), 2'-O-dimethylaminopropyl (2'-O-DMAP), 2'-O-
dimethylaminoethyloxyethyl (2'-O-DMAEOE), or 2'-O-N-methylacetamido (2'-O-NMA)
substitutions.

[0053] In certain embodiments, the oligonucleotide contains at least one 2’-halo modification
(c.g., 1n place of a 2 hydroxyl), such as 2’-fluoro, 2’-chloro, 2°-bromo, and 2’-10do. In some
embodiments, the 2° halo modification 1s fluoro. The oligonucleotide may contain from 1 to
about 5 2’-halo modifications (e.g., fluoro), or from 1 to about 3 2’-halo modifications (e.g.,
fluoro). In some embodiments, the oligonucleotide contains all 2’-fluoro nucleotides at non-
locked positions, or 2’-fluoro on all non-locked pyrimidine nucleotides. In certain embodiments,
the 2’-fluoro groups are independently di-, tri-, or un-methylated.

[0054] The oligonucleotide may have one or more 2’-deoxy modifications (e.g., H for 2’
hydroxyl), and 1n some¢ cmbodiments, contains from 2 to about 10 2’-dcoxy modifications at
non-locked positions, or contains 2’dcoxy at all non-locked positions.

[0055] In exemplary embodiments, the oligonucleotide contains 2’ positions modified as 2°’OMe

in non-locked positions. Alternatively, non-locked purine nucleotides are modified at the 2’
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position as 2’OMe, with non-locked pyrimidine nucleotides modified at the 2’ position as 2’-
fluoro.

[0056] In certain embodiments, the oligonucleotide further comprises at least one terminal
modification or “cap”. The cap may be a 5' and/or a 3'-cap structure. The terms "cap"” or “end-
cap’ Include chemical modifications at either terminus of the oligonucleotide (with respect to
terminal ribonucleotides), and including modifications at the linkage between the last two
nucleotides on the 5° end and the last two nucleotides on the 3° end. The cap structure as
described herein may increase resistance of the oligonucleotide to exonucleases without
compromising molecular interactions with the RNA target or cellular machinery. Such
modifications may be selected on the basis of their increased potency in vitro or in vivo. The cap
can be present at the 5'-terminus (5'-cap) or at the 3'-terminus (3'-cap) or can be present on both
ends. In certain embodiments, the 5- and/or 3’-cap 1s 1ndependently seclected from
phosphorothioatc monophosphate, abasic residuc (moicty), phosphorothioate linkage, 4'-thio
nuclcotide, carbocyclic nuclecotide, phosphorodithioate linkage, inverted nucleotide or inverted
abasic moiety (2°-3” or 3°-3’), phosphorodithioate monophosphate, and methylphosphonate
moiety. The phosphorothioate or phosphorodithioate linkage(s), when part of a cap structure, are
generally positioned between the two terminal nucleotides on the 5° end and the two terminal
nucleotides on the 3” end.

[0057] In certain embodiments, the oligonucleotide has at least one terminal phosphorothioate
monophosphate. The phosphorothioate monophosphate may support a higher potency by
inhibiting the action of exonucleases. The phosphorothioate monophosphate may be at the 5°
and/or 3’ end of the oligonucleotide. A phosphorothioate monophosphate 1s defined by the

following structures, where B 1s base, and R 1s a 2” modification as described above:
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OH R

5' phosphorothioate monophosphate

O

3! phosphorothioate monophosphate

[0058] Where the cap structure can support the chemistry of a locked nucleotide, the cap
structure may incorporate a LNA as described herein.

[0059] Phosphorothioate linkages may be present in some embodiments, such as between the last
two nucleotides on the 5’ and the 3’ end (e.g., as part of a cap structure), or as alternating with
phosphodiester bonds. In these or other embodiments, the oligonucleotide may contain at least
one terminal abasic residue at either or both the 5° and 3° ends. An abasic moiety does not
contain a commonly recognized purine or pyrimidine nucleotide base, such as adenosine,
guanine, cytosine, uracil or thymine. Thus, such abasic moieties lack a nucleotide base or have
other non-nuclecotide base chemical groups at the 17 position. For example, the abasic nuclcotide
may be a reverse abasic nucleotide, €.g., where a reverse abasic phosphoramidite 1s coupled via a
57 amidite (instead of 3° amidite) resulting 1n a 5°-5° phosphate bond. The structure of a reverse

abasic nucleoside for the 5” and the 3’ end of a polynucleotide 1s shown below.

OH

O

5" end of oligo
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[0060] The oligonucleotide may contain one or more phosphorothioate linkages.
Phosphorothioate linkages have been used to render oligonucleotides more resistant to nuclease
cleavage. For example, the polynucleotide may be partially phosphorothioate-linked, for
example, phosphorothioate linkages may alternate with phophodiester linkages. In certain
embodiments, however, the oligonucleotide is fully phosphorothioate-linked. In other
embodiments, the oligonucleotide has from one to five or one to three phosphate linkages.

[0061] In some embodiments, the nucleotide has one or more carboxamido-modified bases as
described in WO 2012/061810, including with respect to all exemplary pyrimidine carboxamido
modifications disclosed therein with heterocyclic substituents.

[0062] The synthesis of oligonucleotides, including modified polynucleotides, by solid phase
synthesis is well known and is reviewed in New Chemical Methods for Synthesizing
Polvnucleotides. Caruthers MH, Beaucage SL, Efcavitch JW, Fisher EF, Matteucci MD,
Stabinsky Y. Nucleic Acids Symp. Ser. 1980;(7):215-23.

[0063] The oligonucleotide may be incorporated within a variety of macromolecular assemblies
or compositions. Such complexes for delivery may include a variety of liposomes, nanoparticles,
and micelles, formulated for delivery to a patient. The complexes may include one or more

fusogenic or lipophilic molecules to initiate cellular membrane penetration. Such molecules are
described, for example, in US Patent 7,404,969 and US Patent 7,202,227. Alternatively, the

oligonucelotide may further comprise a pendent lipophilic group to aid cellular delivery, such as
fatty acids and those described in WO 2010/129672. In some embodiments, the oligonucleotide
may further comprise a pendent hydrophilic group to target the oligonucleotide to particular
tissues. For instance, in one embodiment, the oligonucleotide may be conjugated to a sugar

moiety, such as mannose-6-phosphate or an amino sugar, such as N-acetyl glucosamine.
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[0064] The oligonucleotides of the invention may be formulated as a variety of pharmaceutical
compositions. Pharmaceutical compositions will be prepared in a form appropriate for the
intended application. Generally, this will entail preparing compositions that are essentially tfree
of pyrogens, as well as other impurities that could be harmtful to humans or animals. Exemplary
delivery/formulation systems include colloidal dispersion systems, macromolecule complexes,
nanocapsules, nanoparticles, microspheres, beads, and lipid-based systems including oil-in-water
emulsions, micelles, mixed micelles, and liposomes. Commercially available fat emulsions that
are suitable for delivering the nucleic acids of the invention to cardiac and skeletal muscle tissues
include Intralipid®, Liposyn®, Liposyn® II, Liposyn® III, Nutrilipid, and other similar lipid
emulsions. A preferred colloidal system for use as a delivery vehicle in vivo 1s a liposome (1.e.,
an artificial membrane vesicle). The preparation and use of such systems 1s well known in the
art. Exemplary formulations are also disclosed in U.S. Patent Nos. 5,981,505; 6,217,900;
6,383,512; 5,783,565; 7,202,227, 6,379,965; 6,127,170, 5,837,533; 6,747,014; and
W003/093449.

[0065] The compositions or formulations may employ a plurality of therapeutic oligonucleotides,
including at least one described herein. For example, the composition or formulation may
employ at least 2, 3, 4, or S miRNA inhibitors described herein. In another embodiment, an
oligonucleotide of the present invention may be used in combination with other therapeutic
modalities. Combinations may also be achieved by contacting the cell with more than one
distinct compositions or formulations, at the same time. Alternatively, combinations may be
administered sequentially.

[0066] In some embodiments, the oligonucleotide is formulated for conventtonal subcutaneous
or intravenous administration, for example, by formulating with appropriate aqueous diluent,
including sterile water and normal saline.

[0067] The pharmaceutical compositions and formulations may employ appropriate salts and
buffers to render delivery vehicles stable and allow for uptake by target cells. Aqueous
compositions of the present invention comprise an effective amount of the delivery vehicle
comprising the inhibitor oligonucleotide (e.g. liposomes, nanoparticles, or other complexes),
dissolved or dispersed in a pharmaceutically acceptable carrier or aqueous medium. The phrases

"pharmaceutically acceptable” or "pharmacologically acceptable” refers to molecular entities and

compositions that do not produce adverse, allergic, or other untoward reactions when
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administered to an animal or a human. As used herein, "pharmaceutically acceptable carrier”
may include one or more solvents, buffers, solutions, dispersion media, coatings, antibacterial
and antifungal agents, 1sotonic and absorption delaying agents and the like acceptable for use in
formulating pharmaceuticals, such as pharmaceuticals suitable for administration to humans.
The use of such media and agents for pharmaceutically active substances is well known 1n the
art. Supplementary active ingredients also can be incorporated 1nto the compositions.

[0068] Administration or delivery of the pharmaceutical compositions according to the present
invention may be via any route so long as the target tissue 1s available via that route. For
example, administration may be topical or by intradermal, subcutaneous, intramuscular,
intraperitoneal, intraarterial, intracoronary, intrathecal, or intravenous injection, or by direct
injection Into target tissue (e.g., cardiac tissue). The stability and/or potency of the
oligonucleotides disclosed herein allows for convenient routes of administration, including
subcutaneous, intradermal, intravenous, and intramuscular. Pharmaceutical compositions
comprising an oligonucleotide described herein may also be administered by catheter systems or
systems that isolate coronary circulation for delivering therapeutic agents to the heart. Various
catheter systems for delivering therapeutic agents to the heart and coronary vasculature are
known in the art. Some non-limiting examples of catheter-based delivery methods or coronary
isolation methods suitable for use in the present invention are disclosed in U.S. Patent Nos.
6,416,510; 6,716,196; and 6,953,466; PCT Publication Nos. WO 2005/082440 and WO
2006/089340; and U.S. Patent Publication Nos. 2007/0203445, 2006/0148742, and
2007/0060907.

[0069] The compositions or formulations may also be administered parenterally or
intraperitoneally. By way of illustration, solutions of the conjugates as free base or
pharmacologically acceptable salts can be prepared in water suitably mixed with a surfactant,
such as hydroxypropylcellulose.  Dispersions can also be prepared in glycerol, liquid

polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and

usc, these preparations generally contain a preservative to prevent the growth of microorganisms.
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[0070] The pharmaceutical forms suitable for injectable use or catheter delivery include, for
example, sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. Generally, these preparations are sterile
and fluid to the extent that easy injectability exists. Preparations should be stable under the
conditions of manufacture and storage and should be preserved against the contaminating action
of microorganisms, such as bacteria and fungi. Appropriate solvents or dispersion media may
contain, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and hquid
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper
fluidity can be maintained, for example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size 1n the case of dispersion and by the use of surfactants.
The prevention of the action of microorganisms can be brought about by various antibacterial an
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the
like. In many cascs, 1t will be preferable to include 1sotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the injectable compositions can be brought about by
the use 1n the compositions of agents delaying absorption, for example, aluminum monostearate
and gelatin.

[0071] Sterile 1njectable solutions may be prepared by incorporating the conjugates in an
appropriate amount into a solvent along with any other ingredients (for example as enumerated
above) as desired. Generally, dispersions are prepared by incorporating the various sterilized
active ingredients into a sterile vehicle which contains the basic dispersion medium and the
desired other ingredients, e.g., as enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation include vacuum-
drying and freeze-drying techniques which yield a powder of the active ingredient(s) plus any
additional desired ingredient from a previously sterile-filtered solution thereof.

[0072] Upon formulation, solutions are preferably administered in a manner compatible with the
dosage formulation and 1n such amount as 1s therapeutically effective. The formulations may
casily be administered m a varicty of dosage forms such as injectable solutions, drug relcasc
capsules and the like. For parenteral administration 1n an aqucous solution, for ecxample, the
solution generally 1s smitably buffered and the liquid diluent first rendered 1sotonic for example
with sufficient saline or glucose. Such aqueous solutions may be used, for example, for

intravenous, intramuscular, subcutaneous and intraperitoneal administration. Preferably, sterile
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aqueous media are employed as 1s known to those of skill in the art, particularly in light of the
present disclosure. By way of illustration, a single dose may be dissolved in 1 ml of 1sotonic
NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed
site of infusion, (sec for example, "Remington's Pharmaceutical Sciences” 15th Edition, pages
1035-1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, in any
event, determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, general safety and purity
standards as required by FDA Office of Biologics standards.

[0073] The present invention provides a method for delivering oligonucleotides to a cell (e.g., as

part of a composition or formulation described herein), and methods for treating, ameliorating, or

preventing the progression of a condition 1n a subject. As used herein, the term “subject™ or

chimpanzces and other apes and monkey specics), farm animals (e.g., cattle, sheep, pigs, goats
and horses), domestic mammals (e.g., dogs and cats), laboratory animals (e.g., rodents such as
mice, rats, and guinea pigs), and birds (e.g., domestic, wild and game birds such as chickens,
turkeys and other gallinaceous birds, ducks, geese, and the like). In some embodiments, the
subject i1s a mammal. In other embodiments, the subject 1s a human.

[0074] The oligonucleotide or pharmaceutical composition may be contacted in vitro or in vivo
with a target cell (e.g., a mammalian cell). The cell may be a kidney, liver, vascular, or heart
cell.

[0075] The method generally comprises administering the oligonucleotide or composition
comprising the same to a subject or cell. The oligonucleotide, as described herein, can be
mMRNA or miRNA i1nhibitor. In some embodiments, the miRNA inhibitor 1s not a miR-208a
inhibitor, miR-208b 1nhibitor, or miR-499 1nhibitor. Thus, the patient may have a condition
assoclated with, mediated by, or resulting from, expression or dysregulation of a mRNA or
miRNA. Such conditions include, but are not limited to, cardiovascular conditions, such as
cardiac hypertrophy, myocardial infarction, hecart failure (c.g., congestive heart failure),
myocardial 1schemia, 1schemia-reperfusion injury, vascular damage, coronary artery disease,
peripheral artery disease, vulnerable plaque, restenosis, or pathologic cardiac fibrosis. Other

conditions may include metabolic conditions, renal conditions (e.g., renal 1schemia), hepatic
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conditions, or pulmonary conditions. Thus, the invention provides a use of the modified
oligonucleotides and compositions of the present invention for treating such conditions, and for
the preparation of medicaments for such treatments.

[0076] In certain embodiments, the subject (e.g., human patient) has one or more risk factors for
a condition, such as, but not limited to, long standing uncontrolled hypertension, uncorrected
valvular disease, chronic angina, recent myocardial infarction, congestive heart failure,
congenital predisposition to heart disease and pathological hypertrophy. Alternatively or in
addition, the patient may have been diagnosed as having a genetic predisposition to, for example,
cardiac hypertrophy, or may have a familial history of, for example, cardiac hypertrophy.

[0077] In this aspect, the present invention may provide for an improved exercise tolerance,
reduced hospitalization, better quality of life, decreased morbidity, and/or decreased mortality in

a patient with heart failure or cardiac hypertrophy.

tissue, or as determined 1n serum, 1S reduced or inhibited.

[0079] In various embodiments, the pharmaceutical composition 1s administered by parenteral
administration or by direct injection into heart tissue. The parenteral administration may be
intravenous, subcutancous, or intramuscular. In some embodiments, the composition 1is
administered by oral, transdermal, sustained release, controlled release, delayed release,
suppository, catheter, or sublingual administration. In certain embodiments, the oligonucleotide
1s administered at a dose of about 25 mg/kg or less, or a dose of about 10 mg/kg or less, or a dose
of about 5 mg/kg or less. In these embodiments, the oligonucleotide or composition may be
administered by intramuscular or subcutaneous 1njection, or intravenously.

[0080] In some embodiments, the methods further comprise scavenging or clearing the miRNA
inhibitors following treatment. For example, a polynucleotide having a nucleotide sequence that
1s complementary to the inhibitor (e.g., a polynucleotide comprising a miRNA sequence) may be

administered after therapy to attenuate or stop the function of the inhibitor.

should not be construed as limiting. Those of skill in the art should, in light of the present
disclosure, appreciate that many changes can be made to the specific embodiments which are
disclosed and still obtain a like or similar result without departing from the spirit and scope of

the 1nvention.
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[0082]

EXAMPLES
Example 1. In vivo Efficacy of AntimiR-208a.
[0083] To determine whether the location of the LNA base atfects in vivo efficacy of microRNA
inhibitors (antimiRs) of identical length and LNA percentage, several antimiRs with different
LNA modification patterns were designed and tested for efficacy in inhibiting miRNA function
in vivo.
[0084] Sixteen antimiRs against miR-208a (Figure 1A) with varying Tm measurements were

designed, as depicted in Table 3 below:

Table 3
Molecule o : LNA |Predicted
4 Alias Sequence Length DNA
208a LNA |ICs;dTs;dTs;dTs;1Ts;1Ts;dGs;1Cs;dTs;1Cs;1Gs;dTs;1Cs;d Ts;1Ts;1A
M-10101 IDNA 16 PS|(SEQ ID NO: 76) 16 /7

ICs:dTs;1Ts;dTs;1Ts;1Ts;dGs;1Cs;dTs;1Cs;dGs;ITs;dCs;ITs;1Ts;dA

M-10679 (SEQ ID NO: 77) - o 16 Q/7
1Cs;dTs;ITs:ITs:1Ts;1Ts;dGs;1Cs;dTs;1Cs;dGs;dTs;1Cs;dTs;dTs; 1A
M-10680 opt 1 (SEQ ID NO: 78) 16 Q/7
1Cs:dTs:1Ts; 1Ts:dTs:1Ts:dGs:1Cs:1Ts:1Cs:dGs:dTs;1Cs;dTs;1 Ts:dA
M-10681 pt (SEQ ID NO: 79) 16 0/7
ICs:dTs:1Ts:dTs;1Ts:dTs:1Gs;dCs:1Ts;dCs;1Gs;dTs:1Cs;d Ts;1Ts;1A
M-10682 opt 3 |(SEQ ID NO: 80) ] 9/7
1Cs:;dTs;dTs:1Ts;1Ts;dTs;1Gs;dCs;ITs;1Cs;dGs;1Ts;dCs;1Ts;d Ts;lA
M-1068&3 opt 4 KSEQ ID NO: 81) ] 9/7 92
208a LNA [ICs;dTs;ITs;ITs;ITs;1Ts;dGs;1Cs;dTs;ICs;dGs;dTs;1Cs;dTs;1Ts;dA
M-10673 (SEQ ID NO: 82) 16 9/7 03

ICs:dTs;1Ts:1Ts:dTs;dTs;1Gs;1Cs:dTs;1Cs;dGs;1Ts;dCs:1Ts;d Ts; 1A
208a 10626 |(SEQ ID NO: 83)
1Cs:dTs:dTs:dTs;1Ts:1Ts;:dGs;dCs:1Ts:1Cs;1Gs:dTs;1Cs;dTs;I'1s;1A
(SEQ ID NO: 84)

ICs:1Ts:dTs:dTs:dTs:1Ts:dGs;1Cs:dTs:1Cs:1Gs;dTs;1Cs:;dTs;1'Ts;1A
208a scr2 2J(SEQ ID NO: 85)

ICs:1Ts:dTs;dTs;dTs;1Ts;1Gs;dCs;dTs;1Cs:1Gs;1Ts;dCs;1Ts;d T's;1A
SEQ ID NO: 86)
ICs;dTs;dTs:dTs;1Ts;1Ts;dGs;1Cs;dTs;1Cs;1Gs;dTs;1Cs;1Ts;dTs; 1A
M-11296 [208a scr2 4|(SEQ ID NO: 87)
1Cs:1Ts:dTs;dTs:I1Ts;dTs;dGs;1Cs;1Ts;1Cs;dGs; 1 Ts;dCs;1Ts;d Ts; 1A
208a scr2 S|(SEQ ID NO: 88) 16 9/7

208a scr2 6]1Cs;dTs;|Ts;dTs;1Ts;dTs;1Gs;1Cs;dTs;1Cs;dGs;1Ts;dCs;1Ts,dTs;1A 16 9/7

16 9/7 83

M-11184

16 0/7

M-11293 [208a scr2 1

16 9/7 77

M-11294

M-11295

16 9/7 76

208a scr2 3

9/

87

Y

M-11297
M-11298

Q0
Lo
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1Cs;dTs;dTs;ITs;1Ts;dTs:1Gs;1Cs;dTs;1Cs;dGs;1Ts;dCs;1Ts;dTs:1A
M-11299 |208a scr2 7{(SEQ ID NO: 90)
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16

1Cs;1Ts;dTs;dTs;1Ts;dTs;1Gs;dCs;1Ts;1Cs;dGs;1Ts;dCs;1Ts;dTs;lA
M-11300 |208a scr2 S|(SEQ ID NO: 91) 16

Table 4: Description of Notations

deoxy A dA
deoxy G dG
deoxy C dC
deoxy T dT
Ina A 1A
InaG G

Ina C 1C

Ina T 1T
deoxy A P=S dAs
deoxy G P=S dGs
deoxy C P=8 dCs
deoxy T P=S dTs
Ina A P=S IAS
InaGG P=S 1Gs
Ina C P=S 1Cs
[na T P=S [Ts

LNA
/DNA

/7

/7

Predicted
Tm

33

83

[0085] These antimiRs were dorsally injected into 6-8 week old Sprague Dawley rats

subcutancously at a dose of 25 mg/kg (n=4 per group). Injection volume was 1.0 mL. A control

oligonucleotide with similar LNA and DNA percentage (9/7) was also used as a chemistry

control. This molecule number 1s M-10591 and was designed to target a C. elegans — specific

miRNA. Four days after a single dose, these rats were sacrificed and plasma was collected for

liver and kidney toxicology parameters. Additionally, heart, liver, and kidney were collected for

molecular analysis including miRNA 1nhibition, target de-repression, and antimiR-distribution

quantification. RNA was 1solated from cardiac tissue and real-time PCR was performed. All

antimiRs designed agamst miR-208a showed significant inhibition of miR-208a suggesting all

antimiRs were delivered to cardiac tissue (Figure 1B). To determine 1f miR-208a inhibition

corrclated to in vivo ctficacy, miR-208a targets were assessed for de-repression by performing
29
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rcal-time PCR for the miR-208a target, Dynltl. Surprisingly, only four of the sixteen antimiRs
tested showed significant de-repression of Dynltl (Figure 1C).

[0086] To determine if treatment with any of these antimiRs resulted in elevated liver and/or
kidney toxicology parameters, ELISAs for ALT, AST, and BUN were performed to assess liver
and kidney function. No antimiR-treated group showed any clevation in either liver or kidney
toxicology parameters (Figure 1D).

[0087] To determine 1f the difference 1n efficacy between compounds 1s due to better cardiac
distribution for the efficacious molecules, antimiR distribution to the heart, liver, and kidney for
2 antimiRs that showed efficacy (M-10101 and M-10683) and 2 antimiRs that did not show
cfficacy (M-10673 and M-10681) were assessed. ELISA-based distribution analyses showed no
better cardiac presence for the efficacious compounds compared to the non-efficacious
compounds. In fact, the non-efficacious compounds appeared to show better distribtuion to all
tissucs. (Figure 1E).

[0088] These data suggest different LNA and DNA placement within the antimiR results in
significantly different antimiR efficacy as i1t pertains to the heart, with the LNA/DNA “motif” of

M-10101 sequnce appearing to be the best compound for cardiac efficacy.

Example 2. In vivo Efficacy of AntimiR-208Db.

[0089] To test if the efficacious LNA/DNA motif of M-10101 remains efficacious for additional
miRNAs, a subset of these for other miRNAS, including miR-208b, miR-29, miR-378, miR-
199a, and miR-92a was tested. All experimental designs were the same as performed for miR-
208a as described in Example 1.

[0090] Nine antimiRs against miR-208b with LNA and DNA placements similar to those found

for the miR-208a screen were synthesized (Figure 2A), with varying Tm measurements was

designed, as depicted in Table 5 below (description of notations 1s as described in Table 4):

, LNA | Predicted

1Cs;dCs;dTs;dTs; 1 Ts;1Ts;dGs;[Ts;dTs;1Cs;1Gs;dTs;1Cs;dTs; I'Ts; 1A

Table 5

Molecule

'

M-107071208b 10101 16 9/7 82

SEQ ID NO: 92)
1Cs:dCs;1Ts;dTs:1Ts;1Ts;dGs;1Ts;dTs;1Cs;dGs;1Ts;dCs;1Ts;1Ts;dA
M-11283208b 10679 (SEQ ID NO: 93

16 9/7 91
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Molecule

, S LNA | Predicted

1Cs;dCs;1Ts;1Ts;1Ts;1Ts;dGs;1Ts:dTs;1Cs;dGs;dTs;1Cs;dTs;dTs: 1A
SEQ ID NO: 94) 16
1Cs;dCs;ITs;1Ts;dTs;1Ts;dGs;ITs;1Ts;1Cs;:dGs;dTs;1Cs;dTs;1Ts;dA

SEQ ID NO: 95) 16 9/7
1Cs;dCs; I Ts;dTs;1Ts;dTs;1Gs;dTs;1Ts;dCs;1Gs;dTs;1Cs;dTs;1Ts; 1A

M-11286]208b 10682 [(SEQ ID NO: 96 16 9/7
1Cs;dCs;dTs;1Ts:1Ts;dTs;1Gs;dTs:1Ts;1Cs;dGs; 1Ts;dCs;1Ts:dTs; 1A

M-11287]208b 10683 [(SEQ ID NO: 97 16 9/7
1Cs;dCs;1Ts;1Ts;1Ts;1Ts;dGs;1Ts;dTs;1Cs;dGs;dTs;1Cs;dTs;1 Ts;dA

M-11288208b 10673 [(SEQ ID NO: 98 16 9/7

1Cs;dCs;1Ts;1Ts;dTs;dTs;1Gs;1Ts;dTs;1Cs;dGs;1Ts;dCs;1Ts:dTs: 1A
M-112891208b 10626 |(SEQ ID NO: 99)

208b LNA |1Cs;1Cs;dTs;dTs;1Ts;dTs;1Gs;1Ts;dTs;1Cs;dGs;1Ts;dCs;1Ts;dTs; 1A
M-11290 lopt6

M-11284]208b 10680 97 3

\DO

O
=

M-11285]1208b 10681

[S—

I |

\O
o

(2

16 97

SEQ ID NO: 100)

[0091] These antimiRs were dorsally 1mjected into 6-8 week old Sprague Dawley rats
subcutancously at a dose of 25 mg/kg (n=4 per group). Injection volume was 1.0 mL. A control
oligonucleotide with similar LNA and DNA percentage (9/7) was also used as a chemistry
control. This molecule number 1s M-10591 and was designed to target a C. elegans — specific
miRNA. Four days after a single dose, these rats were sacrificed and the heart was collected for
molccular analysis including miRNA mhibition and target de-repression. RNA was 1solated
from cardiac tissue and real-time PCR was performed. All antimiRs designed against miR-208b
showed significant inhibition of miR-208b suggesting all antimiRs were delivered to cardiac
tissue (Figure 2B). To determine 1f miR-208b inhibition correlated to in vivo efficacy, the miR-
208b target, Dynitl, was assessed for de-repression by performing real-time PCR. Surprisingly,
only M-10707 showed significant de-repression of Dynlt/ (Figure 2C), which 1s the same
LNA/DNA motif that showed the best efficacy for miR-208a. (Figure 1C).

[0092] These data suggest the LNA/DNA motif of M-10101 and M-10707 (which is the same)

confers cardiac efficacy in vivo.

Example 3. In vivo Efficacy of AntimiR-378.
[0093] To determine if motif M-10101 extends beyond the miR-208 family, 7 antimiRs against
miR-378 with LNA and DNA placements similar to those found for the miR-208a screen
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(Figure 3A), with varying Tm measurements as depicted in Table 6 below (description of

notations 1S as described in Table 4), were designed and synthesized:

Table 6
. .y LNA [Predicted

1Cs;dTs;dGs;dAs;1Cs;1Ts;dCs;1Cs;dAs;1As;1Gs;dTs;1Cs;dCs;1As;1Gs --n

378 10101|(SEQ ID NO: 101) 16 9/7
1Cs;dTs;1GS;1AS;1Cs;1Ts;dCs;1Cs;dAS;1AS;dGs;dTs;1Cs; dCs ;dAs;1Gs

378 10680|(SEQ ID NO: 102) 16 9/7
1Cs;dTs;1Gs;1ASs;dCs; 1 Ts;dCs;1Cs; 1As; IAS;dGs;d Ts;1Cs; dCs ;LA s;dGs

378 10681|(SEQ ID NO: 103) 16 /7
1Cs:dTs:1Gs:dAs;1Cs;dTs;1Cs:dCs;1As:dAs;1Gs:dTs;1Cs;dCs;1As;1Gs

378 10682|(SEQ ID NO: 104) 16 97
1Cs:dTs:dGs;1AS; ICs:dTs; 1Cs:dCs; 1As; 1AS:dGs: 1Ts;dCs; 1Cs ;dAs; 1Gs - -

378 10683|(SEQ ID NO: 105) 16 9/7 91]

1Cs;dTs;1Gs;1AS;1Cs;1Ts;dCs;1Cs;dAS;1AS;dGs;dTs;1Cs; dCs ;1A s;dGs

SEQ ID NO: 106 16 9/7 95

1Cs:;dTs;1Gs;1AS;dCs;dTs;1Cs;1Cs:dAs;1As;dGs; 1 Ts;dCs: 1Cs;dAs;1Gs

SEQ ID NO: 107) 16 9/7 95

[0094] These antimiRs were dorsally 1njected into 6-8 week old Sprague Dawley rats

Molecule

M-11192

M-11193

M-11194

M-11195

M-11196

M-111971378 10673

M-11198[378 10626

subcutancously at a dosc of 25 mg/kg (n=4 per group). Injection volume was 1.0 mL. A control
oligonucleotide with similar LNA and DNA percentage (9/7) was also used as a chemistry
control. This molecule number 1s M-10591 and was designed to target a C. elegans — specific
miRNA. Four days after a single dose, these rats were sacrificed and the heart was collected for
molecular analysis including miRNA 1nhibition and target de-repression. RNA was 1solated
from cardiac tissue and real-time PCR was performed. All antimiRs designed against miR-378
showed significant inhibition of miR-378 suggesting all antimiRs were delivered to cardiac
tissue (Figure 3B). To determine if miR-378 inhibition correlated to in vivo efficacy, we
assessed the miR-378 target, Gfpr2, for de-repression by performing real-time PCR.
Surprisingly, only M-11192 showed significant de-repression of Gfpi2 (Figure 3C), which 1s the
same LNA/DNA motif that showed the best efficacy for miR-208a and miR-208b in the heart.
(Figures 1C and 2C).

[0095] These data highly suggest the LNA/DNA motif of M-10101, M-10707, and M-11192

(which 1s the same) confers cardiac cfficacy in vivo.
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Example 4. Irn vivo Eflicacy of AntimiR-29,

[0096] Scven antimiRs against miR-29b with LNA and DNA placements similar to those found
for the miR-208a screen (Figure 4A) were synthesized to determine 1f this motif confers efficacy
in further miRNA families. The sequence and modification patterns of these antimiRs with their

corresponding predicted Tm values are depicted in Table 7 below (description of notations 1s as
described in Table 4):
Table 7

1Gs;dAs;dTs;dTs:1Ts;1Cs;dAs: 1As:dAs;1Ts;1Gs;dGs; 1 Ts;dGs;1Cs;1Ts
11185  |29b 10101{(SEQ ID NO: 108)
1Gs;dASs;ITs;1Ts;1Ts;1Cs;dAs;1As;dAs; 1 Ts;dGs;dGs; 1 Ts;dGs;dCs;1Ts
11186 29b 10680|(SEQ ID NO: 109)
Ts;1Ts;dTs;1Cs;:dAS;1AS;1AS; I Ts;dGs;dGs;1Ts;dGs;ICs:dTs
11187 29b 10681|(SEQ ID NO: 110)
1Gs;dAs;ITs;dTs; 1 Ts;dCs;lAs;dASs;1ASs;dTs;1Gs;dGs; I Ts;dGs;1Cs; I Ts
11188 9b 10682|(SEQ ID NO: 111)
1Gs;dAs;dTs;ITs;1Ts:dCs;1As;dAs;1As;1Ts;dGs;1Gs;dTs;1Gs:dCs:1Ts
11189 29b 10683|(SEQ ID NO: 1
Ts;1Ts;1Ts:1Cs;dAs:1As;dAs;ITs;dGs:dGs: 1Ts;dGs;1Cs:dTs
11190 9b 10673|(SEQ ID NO: 113) 97
1Gs;dAS;ITs;1Ts;dTs;dCs;lAs;1As;dAS;1Ts;dGs;1Gs;dTs;1Gs;dCs;1Ts
11191 [29b 10626/(SEQ ID NO: 114) 16 9/7

[0097] These antimiRs were dorsally 1njected into 6-8 week old Sprague Dawley rats
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subcutaneously at a dose of 25 mg/kg (n=4 per group). Injection volume was 1.0 mL. A control
oligonucleotide with similar LNA and DNA percentage (9/7) was also used as a chemistry
control. This molecule number 1s M-10591 and was designed to target a C. elegans — specific
miRNA. Four days after a single dose, these rats were sacrificed and the heart, liver, and kidney
were collected for molecular analysis including miRNA 1nhibition, target de-repression, and
antimiR-distribution quantification. RNA was i1solated from cardiac, hepatic, and renal tissue
and real-time PCR was performed. All antimiRs designed against miR-29 showed significant
inhibition of miR-29 family members 1n all tissucs suggesting all antimiRs were delivered to
these three tissucs (Figure 4B).

[0098] To determine 1f miR-29 family inhibition correlated with in vivo efficacy, the miR-29

targets, Mcll and Dnmit3b, were assess for de-repression by performing real-time PCR.
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Surprisingly, only M-11185 showed significant de-repression of Mc// 1n the heart and trending
de-repression of Dnmit3b (Figure 4C), which 1s the same LNA/DNA motif that showed the best
efficacy for miR-208a, miR-208b, and miR-378 1n the heart. (Figures 1C, 2C, and 3C).
Surprisingly, all antimiR-29 compounds appeared to show de-repression of Mc¢// in the liver,
furthering the notion that this motif confers cardiac efficacy while the other compounds are
active 1n other tissues.

[0099] To determine 1f the difference 1n efficacy between compounds 1s due to better cardiac
distribution for the efficacious molecules, we quantified antimiR distribution to the heart and
liver for all antimiR-29 compounds. ELISA-based distribution analyses showed no better
cardiac presence for the most efficacious compound (M-11185) compared to the less efficacious
compounds. For hepatic tissue where efficacy was similar among compounds, distribution was

similar as well (Figure 4D).

Example 5. In vivo Efficacy of AntimiR-199.

[00100] Five antimiRs against miR-199a with LNA and DNA placements similar to those found
for the miR-208a screen (Figure SA) were synthesized to determine 1f this motif confers efficacy
in further miRNA families. The sequence and modification patterns of these antimiRs with their
corresponding predicted Tm values are depicted in Table 8 below (description of notations 1s as
described in Table 4). The M-10518 compound contains the same LNA and DNA placements as
M-10101 (antimiR-208a), M-10707 (antimiR-208b), M-11192 (antimiR-378), and M-11185
(antimiR-29).

Table 8

1Gs;dTs;dAs;dGs; I Ts;1Cs;dTs;1Gs;dAS;IAS; ICs;dAs;1Cs;dTs;1Gs;1Gs
10518 199a 10101 |(SEQ ID NO: 115) 9/7
-- 1Gs;dTs;dAs;dGs;1Ts;1Cs;dTs:dGs;lAs;1As; 1Cs;dAs;1Cs;dTs:1Gs;1Gs --
11390 199a 10293 |(SEQ ID NO: 116) 16 97 |
- 1Gs;1Ts;dAS;dGs;dTs;1Cs;dTs;1Gs;dAS;1AS;1Cs;d As; 1Cs;d Ts;1Gs; 1Gs ---
11391 199a 10294 |(SEQ ID NO: 117 16 9/7

1Gs;dTs;dAs;dGs;ITs;1Cs;dTs;1Gs;dAS;1AS; ICs;dAS;1Cs;1Ts;dGs;1Gs 9)
11392 199a 10296 |[(SEQ ID NO: 118) 16 9/7

1Gs;dTs;dAs: 1Gs;1Ts:dCs:1Ts:dGs:1As;1As:dCs;1As:dCs;1Ts:dGs;1Gs
11393 199a 10683 |[(SEQ ID NQO: 119) 16 9/7

LNA Predlcted
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[00101] These antimiRs were dorsally injected into 6-8 week old Sprague Dawley rats
subcutaneously at a dose of 25 mg/kg (n=4 per group). Injection volume was 1.0 mL. A control
oligo with similar LNA and DNA percentage (9/7) was also used as a chemistry control. This
molecule number 1s M-10591 and was designed to target a C. elegans — specific miRNA. Four
days after a single dose, these rats were sacriticed and plasma was collected for liver and kidney
toxicology parameters. Additionally, heart, lung, liver, and kidney were collected for molecular
analysis mncluding miRNA inhibition and target de-repression. RNA was 1solated from cardiac,
pulmonary, hepatic, and renal tissue and real-time PCR was performed. All antimiRs designed
against miR-199a showed significant inhibition of miR-199a 1n all tissues suggesting all
antimiRs were delivered to these four tissues (Figure SB).

[00102] To determine 1f miR-199a inhibition correlated to in vivo efficacy, we assessed the miR-
199 target, Ddrl for de-repression by performing recal-time PCR. Surprisingly, all antimiRs
targeting miR-199a appcarcd to show Ddr/ target de-repression in the heart with the exception
of M-11390 (Figure 5C). For other tissues, different compounds showed varying degrees of
target regulation, however, M-10518 (which 1s the M-10101 motif) consistently appeared to
show target de-repression for all tissues, suggesting this motif confers cardiac and multi-tissue

efficacy in vivo.

Example 6. In vivo Efficacy of AntimiR-92a.

[00103] Three antimiRs against miR-92a with LNA and DNA placements similar to those found
for the miR-208a screen were synthesized to determine 1f this motif confers efficacy in further
miRNA families. The sequence and modification patterns of these antimiRs with their
corresponding predicted Tm values are depicted 1in Table 9 below (description of notations 1s as
described in Table 4). The M-11127 compound contains the same LNA and DNA placements as
M-10101 (antimiR-208a), M-10707 (antimiR-208b), M-11192 (antimiR-378), M-11185
(antimiR-29), and M-10518 (antimiR-199a).
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Table 9

Molecule
#

sequence

92a LNA 16]I1Cs;dCs;1Gs;dGs;dGs;1As;dCs;1As;dAs;1Gs;1Ts;dGs;1Cs;l1As;dAs;IT
PS  [(SEQ ID NO: 120)

11127 92a LNA 16]1Cs;dCs;dGs;dGs;lGs;1As;dCs;lAs;dAs;1Gs;1Ts;dGs;1Cs;dAs; IAS; 1T
] (SEQ ID NO: 121)

11130 [92a LNA 16|1Cs;dCs;lGs;dGs;dGs;1As;dCs;dAs;1As;1Gs;ITs;dGs;1Cs;1As;dAS;IT
4 (SEQ ID NO: 122)

[00104] These antimiRs were dorsally injected into 6-8 week old Sprague Dawley rats

10338

subcutancously at a dose of 25 mg/kg (n=4 per group). Injection volume was 1.0 mL. Two days
after a single dose, these rats were sacrificed and endothelial cells from the heart were collected
for molecular analysis including miRNA 1nhibition and target de-repression. RNA was 1solated
from endothelhal cells and real-time PCR was performed to assess de-repression of the miR-92a
target, Map2K4. Administration of antimiR M-11127 (which is the M-10101 motif) as well as
antimiR M-11130 resulted 1n a significant increase in Map2K4 expression in endothelial cells

(Figure 6), demonstrating that these two inhibitors have in vivo efficacy.
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CLAIMS

1. An oligonucleotide comprising a sequence of 16 nucleotides, wherein the sequence 1s
complementary to miR-92a and comprises no more than three contiguous locked nucleic acids

(LNAs), and wherein from the 5’ end to the 3’ end, positions 1, 6, 10, 11, 13, and 16 are LNAs.

2. The oligonucleotide of claim 1, wherein the oligonucleotide comprises at least one non-

locked nucleotide, and wherein the at least one non-locked nucleotide is 2’ deoxy, 2’ O-alkyl, or
2’ halo.

3. The oligonucleotide of claim 1 or 2, wherein the oligonucleotide comprises more than one

non-locked nucleotides, and all of the non-locked nucleotides are 2° deoxy.

4. The oligonucleotide of any one of claims 1 to 3, wherein at least one LNA has a2’ to 4°

methylene bridge.

5. The oligonucleotide of any one of claims 1 to 4, wherein the oligonucleotide has a 5° cap

structure, 3’ cap structure, or 5 and 3’ cap structures.

6. The oligonucleotide of any one of claims 1 to 5, wherein the oligonucleotide comprises one

or more phosphorothioate linkages.

7. The oligonucleotide of claim 6, wherein the oligonucleotide is fully phosphorothioate-linked.

8. The oligonucleotide of any one of claims 1 to 7, further comprising a pendent lipophilic or

hydrophilic group.

9. The oligonucleotide of any one of claims 1 to 8, wherein the oligonucleotide is selected from
5°-1Cs:dCs:1Gs;dGs;dGs;1As;dCs;lAs;dAs;1Gs;1 Ts;dGs;1Cs;1As;dAs;IT-3° (SEQ ID NO: 120), 5°-
ICs:dCs:dGs;dGs;1Gs;1As;dCs;1As;dAs;1Gs;1Ts;dGs;1Cs;dAs;1As; 1 T-3° (SEQ ID NO: 121), and

5°-1Cs:dCs:1Gs;dGs;dGs;1As;dCs;dAs;1As;1Gs; 1 Ts;dGs;1Cs;1As;dAs;1T-37 (SEQ ID NO: 122).
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10. The oligonucleotide of any one of claims 1 to 9, wherein the oligonucleotide is 5°-

[Cs:;dCs:1Gs;dGs;dGs;1As;dCs;1As:dAs;1Gs;1 Ts;dGs;1Cs;lAs;dAs;1T-3° (SEQ ID NO: 120).

11. The oligonucleotide of any one of claims 1 to 9, wherein the oligonucleotide 1s 5°-

1Cs:dCs:;dGs;dGs:1Gs;1As;dCs;1As;dAs;1Gs;1Ts;dGs;1Cs;dAs;1As;IT-3° (SEQ ID NO: 121).

12. The oligonucleotide of any one of claims 1 to 9, wherein the oligonucleotide 1s 5°-

1Cs:dCs:1Gs:dGs;dGs;1As:dCs;dAs;1As;1Gs; 1 Ts;dGs;1Cs;1As;dAs; IT-3" (SEQ ID NO: 122).

13. A pharmaceutical composition comprising an effective amount of the oligonucleotide of
any one of claims 1 to 12, or a pharmaceutically-acceptable salt thereof, and a pharmaceutically-

acceptable carrier or diluent.

14. The pharmaceutical composition of claim 13, wherein the pharmaceutically-acceptable
carrier comprises a colloidal dispersion system, macromolecular complex, nanocapsule,

nanoparticle, microsphere, bead, oil-in-water emulsion, micelle, mixed micelle, or liposome.

15. The pharmaceutical composition of claim 13, wherein the pharmaceutically-acceptable

diluent consists essentially of saline.

16.  Use of the oligonucleotide of any one of claims 1 to 12, or the pharmaceutical
composition of any one of claims 13 to 15 in the manufacture of a medicament to decrease miR-

02 expression in a subject.

17.  Use of a pharmaceutical composition comprising the oligonucleotide of any one of claims

1 to 12 for administration to a subject to decrease miR-92 expression in the subject.

18. The use of the pharmaceutical composition of claim 16 or 17, wherein the pharmaceutical
composition is for intravenous, subcutaneous, intraperitoneal, intramuscular, oral, transdermal,
sustained release, controlled release, delayed release, suppository, catheter, or sublingual

administration.
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19. The use of the pharmaceutical composition of any one of claims 16 to 18, wherein the

subject 1s a human.

20. A pharmaceutical composition comprising the oligonucleotide of any one of claims 1 to

12 for use in administration to a subject to decrease miR-92 expression in the subject.
21.  The composition of claim 20, wherein the pharmaceutical composition is for intravenous,
subcutaneous, intraperitoneal, intramuscular, oral, transdermal, sustained release, controlled

release, delayed release, suppository, catheter, or sublingual administration.

22. The composition of claim 20 or 21, wherein the subject 1s a human.

23. A method of reducing or inhibiting the activity of miR-92 in a cell comprising contacting

the cell with the oligonucleotide of any one of claims 1 to 12, wherein the cell is in vitro.

24. The method of claim 23, wherein the cell 1s a mammalian cell.

25. Use of a pharmaceutical composition comprising the oligonucleotide of any one ot claims 1

to 12 in the manufacture of a medicament to increase Map2K4 expression 1n a subject.

26. The use of claim 25, wherein the pharmaceutical composition 1s for intravenous,
subcutaneous, intraperitoneal, intramuscular, oral, transdermal, sustained release, controlled

release, delayed release, suppository, catheter, or sublingual administration.

27. The use of claim 25 or 26, wherein the subject 1s a human.

28. Use of a pharmaceutical composition comprising the oligonucleotide of any one of claims 1

to 12 for administration to a subject to increase Map2K4 expression in the subject.
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29. The use of claim 28, wherein the pharmaceutical composition 1s for intravenous,
subcutaneous, intraperitoneal, intramuscular, oral, transdermal, sustained release, controlled

release, delayed release, suppository, catheter, or sublingual administration.

30. The use of claim 28 or 29, wherein the subject 1s a human.

31. A pharmaceutical composition comprising the oligonucleotide of any one of claims 1 to 12

for use in administration to a subject to increase Map2K4 expression in the subject.
32. The composition of claim 31, wherein the pharmaceutical composition is for intravenous,
subcutaneous, intraperitoneal, intramuscular, oral, transdermal, sustained release, controlled

release, delayed release, suppository, catheter, or sublingual administration.

33. The composition of claim 31 or 32, wherein the subject 1s a human.
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FIGURE Z2A-2B
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FIGURE 3A-3B
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FIGURE 3A
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FIGURE 3B

mik-180a, Heart miR-1808a, Lung

-.

L Apres%iarn

r

4

AA A A AAAAAAAAAAAR AN

’ s

S RIEEBIGN

- 8 %
A}

n
n
n
n
n
»
- : S
- n !
aalaaaa . n
Sttt N e n
\: : : : : : v ' by '\"t‘l‘\"t‘l‘\
] \‘\‘\‘1‘\‘\‘3- oA n \1‘\‘\‘1‘\‘\\
“ s \\\1\\\.'- B, n Y
ST Sttt e p n -‘\: L
‘ : . n \‘(‘\‘\‘n_‘\‘::
)
‘&. o , : . AR RN
ad : : SRR
2 r ' g o AR
I " ng Tyl A
PN % & A
-l A ™
S % n
a2 ol "
| ' LY
L. - = N
W Pplig, > = ™
" - ' n
- ) \ . "
. \
-9 v v v LY
o AL u
. . ' n
. - . n b v -
. . Y s s .- v 8 . . g . x ... -, . . .
) . ' O RO : Jog. . s v n n N ' oy tme NPT
. . . . . . . R .
) . . : ' ) . : : - _ : - x
\ . . 1 . - . . . \ . L B I I ) L J v - -y PV T 9" EYYyYS.
. - - ; A
. - . ] Al
- . q ' - A : . : .

-+

S
SR

& W R féﬁn

-
4

ruE-188a, LI nRE-1ERa, K

R434:

4

PFgRs

-

o
%
o
o

o A

F

Ex

Expr

RRIR
At N e

B

R R R R

R
¢ WA

1%

¢

¢

%

.
A A

A A A
T

w
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
:‘
=
‘l
L8

A aaa e a NN NN N

LY

o A
F

00000000000000000000000000000000000000‘.

.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Lo
o a a a a a a a a a a a a a a a a a a aa a a a aa aa a a a a a a a
f .‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘l’.’.‘{

Heiativ

P ¢4

o
o

f

o
fﬁﬁ
,

M

aaaaaaaaaaaaaaaaaaaaaa




CA 02876180 2014-12-08

WO 2013/192576 PCT/US2013/047157

17718

FIGURE 3¢
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